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General Concepts

 Endocrinology

 Biosynthesis of hormones

 Hormones’ sites of production

 Sites and mechanisms of hormones’ action and interaction

 Hormone

Chemical messenger circulates in body fluids and produces specific effects on 
cells distant from the hormone’s point of origin

 Functions

 Regulation of energy: storage, production, utilization

 Adaptation to new environments or conditions of stress

 Facilitation of growth and development

 The maturation and function of the reproductive system
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General Concepts

 Hormones may be divided into two classes:

 Hormones act predominantly via nuclear receptors modulate transcription in target 

cells (e.g., steroid hormones, thyroid hormones) 

 Hormones that typically act via membrane receptors  rapid effects on signal 

transduction pathways (e.g., gonadotrophin)
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The Hypothalamic-Pituitary-Adrenal (HPA) Axis

Many of the classic endocrine hormones (e.g., cortisol, thyroid hormone, sex 
steroids, GH) are regulated by interaction among the hypothalamus, anterior 
pituitary, and endocrine glands (Table 42-1 & Figure 42-1)

On stimulation, hypothalamic neurons secret their respective hypothalamic 
hormones to anterior pituitary gland

 Hypothalamic hormones bind to membrane receptors on specific pituitary 
cells regulate secretion of corresponding pituitary hormones

 Pituitary hormones “master signals” circulate target endocrine glands or 
other tissues activate specific receptors stimulate synthesis & secretion
target endocrine hormones or exert other tissue-specific effects (feed-
forward regulation)

 Negative-feedback regulation: target endocrine hormone causes negative-
feedback inhibition of hormone release by acting at the hypothalamus and 
the pituitary (Figure 42-2)
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Pituitary Hormones and Their Hypothalamic-

Releasing Factors

 Classification of the anterior pituitary (adenohypophysis) hormones (Table 42-2)

1. POMC-derived hormones:

 Corticotropin (ACTH) and -MSH

2. Somatotropic family of hormones

 GH, PRL & placental lactogen

3. Glycoprotein hormones

 TSH (thyrotropin), LH (lutropin), FSH (follitropin), hCG

 The Posterior Pituitary Gland’s (neurohypophysis) Hormones

1. Arginine Vasopressin (AVP)

 Water homeostasis

2. Oxytocin (OXY)

 Labor and parturition

 Milk letdown
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Growth Hormone (GH) and Prolactin (PRL) (1)

 Structures of GH and PRL

GH & PRL are members of the somatotropic hormone family

GH & PRL act via membrane receptors

GH is secreted by somatotropes

 PRL is secreted by lactotropes

Molecular and Cellular Bases of GH and PRL Action

GH and PRL interact with specific membrane receptors on target tissues effects 

(Figure 42-5)

GH receptor activation results in the binding of a single GH to two receptor 
monomers induce a conformational change activates downstream signaling

 PRL interact with a cytokine family receptor on target cells through many of the 

same pathways as the GHR
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Growth Hormone (GH) and Prolactin (PRL) (3)

 Physiological Effects of GH and PRL

GH stimulate: longitudinal growth of bones, preadipocyte to adipocytes

GH↑: bone mineral density after epiphyses have closed, muscle mass, GFR

GH has potent anti-insulin actions in liver & peripheral tissues (adipocytes & 
muscle) ↓glucose utilization & ↑lipolysis

Most of GH anabolic & growth-promoting effects are mediated indirectly through 

the induction of IGF-1. IGF-1 interacts with receptors on the cell surface mediate 

its biological activities.

 PRL effects are limited primarily to the mammary gland: inducing growth & 

differentiation of ductal & lobuloalveolar epithelia, essential for lactation.

 PRL receptors present in: hypothalamus, liver, adrenal, testes, ovaries, prostate, 

immune system
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Growth Hormone (GH) and Prolactin (PRL) (4)

 Indication of GH Treatment 

GH deficiency in children

Children with short stature with adequate GH production, Turner syndrome, 

chronic renal insufficiency, children born small for gestational age

 AIDS-associated wasting and for malabsorption associated with short-bowel 

syndrome

Contraindications of GH

 Acute critical illmess: complication after open heart or abdominal surgery, 

multiple accidental trauma, acute respiratory failure

 Active malignancy
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Thyroid Hormones

 Thyroid follicle produces

 Iodothyronine hormones T4 (predominantly, prohormone)

 T3 the active form (T4 converted in the liver and other tissues)

 Thyroid’s parafollicular cells (C cells) produces

Calcitonin (indication: hypercalcemia, osteoporosis)
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Thyroid Hormones

 Clinical Effects of Thyroid Hormones

Growth and Development. In humans, thyroid hormone plays a critical role in 
brain development (the absence of thyroid hormone during periode of active 
neurogenesis up to 6 months postpartumirreversible mental 
retardation/cretinism)

 Thermogenic Effects. Heat resulting from vital processes and facultative

Cardiovascular Effects. Tachycardia, ↑stroke volume, cardiac hypertrophy, 
↓peripheral vascular resistance

Metabolic Effects. Thyroid hormone stimulate expression hepatic LDL receptor 
(↓thyroid ↑cholesterolemia).

 Therapeutic Uses of Thyroid Hormone

 Hormone replacement therapy in patients with hypothyroidism (Levothyroxine)

 TSH suppression therapy in patients with thyroid cancer
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Antithyroid Drugs

 Types:

 antithyroid drugs, which interfere directly with the synthesis of thyroid hormones 

 Antithyroid drugs, which interfere directly with the synthesis of thyroid hormones 

 High concentrations of iodine, which decrease release of thyroid hormones from 

the gland and also may decrease hormone synthesis

 Radioactive iodine, which damages the thyroid gland with ionizing radiation 

Mechanism of Action

 antithyroid drugs inhibit the formation of thyroid hormones by interfering with the 

incorporation of iodine into tyrosyl residues of thyroglobulin; inhibit coupling of 

these iodotyrosyl residues to form iodothyronines (Figure 43-2)

 Propylthiouracil (PTU) partially inhibits peripheral deiodination T4 to T3 
(methimazole does not have this effect) PTU drug of choice in the treatment of 

severe hyperthyroid or thyroid storm
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Antithyroid Drugs

 Therapeutic Uses:

 As definitive treatment, to control the disorder in anticipation of a spontaneous 

remission in Graves disease 

 In conjunction with radioactive iodine, to hasten recovery while awaiting the 

effects of radiation

 To control the disorder in preparation for surgical treatment 

Methimazole is drug of choice for Graves disease; less toxic than PTU
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Estrogens

Chemistry and Synthesis:

Many steroidal and nonsteroidal compounds possess estrogenic activity (Table 

44-1)

 Steroidal estrogens arise from androstenedione or testosterone.

 The ovaries are principle source of circulating estrogen in pre-menopausal 

women, with estradiol the main secretory product

 In postmenopausal women, the principal source of circulating estrogen is 

adipose tissue stroma

 In men, estrogen are produced by the testes, but extragonadal production 

(androstenedione & dehydroepiandrosterone) accounts for most circulating 

estrogens

 Estrogen may be locally produced e.g. breast cancer, placenta

23



24



Estrogens

 Physiological Actions:

 Responsible for pubertal changes in girls & secondary sexual characteristics

 In boys, estrogen deficiency diminishes pubertal growth spurt and delays skeletal 
maturation & epiphyseal closure. Est deficiency in men ↑ gonadotropins, 

macroorchidism, ↑testosterone, fertility in some individuals

Control of the menstrual cycle

 The cyclical changes in estrogen and progesterone production by the ovaries 

regulate corresponding events in the fallopian tubes, uterus, cervix, and vagina 

 prepare the uterus for implantation pregnancy. If pregnancy does not 

occur, the endometrium is shed as the menstrual discharge 

Metabolic effects. Bone remodeling (↑osteoblasts, ↓osteoclasts); bone growth & 

epiphyseal closure; ↑ HDL, ↓LDL; vasodilation, ↓atherogenesis
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Estrogens

Mechanism of Action:

 Estrogens exert their effects by interaction with receptors that are members of the 

superfamily of nuclear receptors 

 Estrogen receptor α is expressed most abundantly in the female reproductive 

tract—especially the uterus, vagina, and ovaries—as well as in the mammary 

gland, the hypothalamus, endothelial cells, and vascular smooth muscle. 

 Selective ER modulators (SERMs): Tamoxifen, Raloxifene, Toremifene

 Compound with tissue-selective actions

 Produce beneficial estrogenic action in certain tissue (bone, brain, liver) during 

post-Menopausal Hormone Therapy (MHT) but antagonist activity in tissue breast, 

endometrium, where estrogenic actions (carcinogenesis) might be deleterious

 osteoporosis
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Progestins

Chemistry , Biosynthesis, Secretion

Compounds with biological activities similar to progesterone: progestin, 

progestational agents, progestagens

 Progesterone is secreted by the ovary, mainly from the corpus luteum, during 2ng 

half of the menstrual cycle.

 LH acting via its G protein-coupled receptor, stimulates progesterone secretion 

during the normal cycle

 After fertilization, trophoblast secretes hCG into maternal circulation, which 

stimulates LH receptor to sustain corpus luteum & maintain progesterone prod.

 During 2ng and 3rd month of pregnancy, placenta begins to secrete estrogen 

and progesterone with fetal adrenal glands

 Est and prog continue to be secreted in large amounts by placenta up to 

delivery 
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Progestins

 Physiologic Actions

 Decreasing frequency OF GnRH pulses

 Progesterone is secreted by the ovary, mainly from the corpus luteum, during 2ng 
half of the menstrual cycle.

 Prog decreases est-driven endometrial proliferation development a secretory 
endometrium

 Development of mammary gland

 Prog may be responsible for increased risk of breast cancer associated with est-
prog use in postmenopausal women

 Increase basal body temperature 0,6 C at midcycle

 Depressant and hypnotic action in the CNS

 Increase basal insulin levels 

 Increase LDL, decrease HDL
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Progestins

Mechanism of Action

 Biological activities of PR-A and PR-B are distinc and depend on the target gene.

 In most cells, PR-B mediates stimulatory activities of prog; PR-A strongly inhibits 

action PR-B

 PR-A responsible mediating effects in the ovaries, uterine; PR-B effects in 

mammary gland

 Therapeutic Uses of Estrogens and Progestins

 Hormonal contraception

 Postcoital contraception
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Androgens 

 Testosterone and Other Androgens

 In men, testosterone is the principal secreted androgen

 In women, testosterone also is the principal androgen and is synthesized in the 

corpus luteum and the adrenal cortex

 Testosterone precursors androstenedione and DHEA are weak androgens that 

can be converted peripherally to testosterone

 Pengertian

 Hormon steroid yang merangsang atau mengontrol perkembangan dan

pemeliharaan karateristik laki-laki dengan berikatan dengan reseptor androgen 

yang mendukung aktifitas organ seks pria dan pertumbuhan karakteristik seks

sekunder laki2

 Androgen merupakan steroid anabolik
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Androgens 

 Fungsi

 Perkembangan testis sejak embrio

 Pembentukan sperma: di testis melalui proses spermatogenesis

 Prekursor estrogen dan progesterone

Merangsang pertumbuhan rambut pada laki-laki dan perempuan

 Perkembangan masa otot

Ciri seks sekunder pria: tumbuh jakun, kumis, jenggot, rambut dada, area vital; 

pertumbuhan masa otot, suara membesar

Mengatur libido seks pada laki-laki dan perempuan
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Androgens 

Mekanisme kerja

 Di prostat dan vesikula seminalis, 90% testosterone diubah oleh enzim 5 -

reductase menjadi dihidrotestosteron (DHT) yang lebih akif

 Testosteron dan DHT berikatan dengan reseptor di sitoplasma translokasi ke 
nukleus spesifik binding site ↑sintesis protein

 Indikasi dan Kontraindikasi

 Alkil androgen: edema, angioneurotik herediter terapi jangka pendek penyakit

berat

 Kontraindikasi: wanita hamil, bayi dan anak

 Hati2 pada pasin penyakit jantung karena risiko edema
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